Abstract
Introduction

33
Despite different land use contexts, from agriculture to urban settings, weed control remains a major 34 problem. In particular, weed control in amenities such as parks and schools should be undertaken pesticide-input pest management, giving wherever possible priority to non-chemical methods".
43
At the same time, a wide range of fossil-based products could be substituted by bio-based products 44 and materials derived from different biomasses such as energy crops, agricultural and forestry 45 residues and waste (Maity, 2015) .
46
The most abundant co-products of industrial vegetable oil production for bioenergy and green Olsen, 2012). Thanks to this natural process, Brassicaceae species have been widely studied for 58 applications in the so called biofumigation technique (Kirkegaard et al., 1993) . Since the inhibitory 59 influence of aqueous extracts from parts of Brassica oleracea plants on the germination and growth 60 of clover (Trifolium repens L.) and rye-grass (Lollium spp.) was first described by Campbell (1959) , 61 many other studies on the allelopathic effects of GSL degradation products were carried out. were required for a significant inhibition activity. On the other hand, the DSMs, activated by a 74 patent procedure (Lazzeri et al. 2010) , were easily formulated with CG solutions, maintaining a 75 high GSLs conversion rate and a sufficient retention capacity of the biologically active compounds. 
126
All data are reported as mean ± standard deviation of four determinations. 
Hydrolysis product GC-MS identification
138
Samples of the obtained aqueous extracts (500 L) were mixed with ethyl acetate (LC-MS 
Preliminary glasshouse trial: lettuce germination and growth inhibition 166
The preliminary glasshouse experiment was performed in Bologna, Italy (44°31'N 11°21'E) at 167 CREA-CI. In this experiment, five DSMs (Brassica tournefortii, Brassica nigra, Eruca sativa,
168
Rapistrum rugosum, and Sinapis alba) were chosen among the most effective in previous trials, also 169 depending on quantity of stocked seed for DSM production. The DSMs were applied, formulated 170 with and without CG, in plastic pots (high 9 cm, diameter 9.5 cm, 250 ml). The pots were filled 
Effectiveness of defatted seed meal extracts in black-grass germination inhibition: in vitro trials
296
The in vitro trials confirmed the potential effectiveness of Brassicas derived water extracts in weed An unexpected result was related to the B. tournefortii DSM extract which, in Petri conditions,
307
showed a GI of -48%. Furthermore, with regard to the GI, B. nigra DSM applied both with and without CG showed a very 320 clear dose/response effect on GI percentage (Fig. 4) , unlike the other DSMs. Insert Table 4 here
The greenhouse trial showed how the presence of DSM in the treatments affected mainly the early concerning about CG utilization is based upon methanol and sodium residues, used as catalysts in 362 the biodiesel production process, but few traces were found in the batch used for the trials. Thus,
363
CG is considered a safe product that can be used, for instance, as an energy-rich feed component in 364 animal diets (Alexander et al., 2010) .
365
Since the B. nigra DSM, the most effective tested meal, showed a total GI at the same concentration grass, a weed with a high resistance to common herbicides.
378
The potential of Brassica derived DSMs in weed control has to be considered with great attention 379 for different reasons: i) the proposed formulations are completely bio-based products that could be 380 considered not only for conventional farming, but even admitted both in integrated pest 381 management and organic farming (where no herbicides are allowed); ii) they present a combined 382 effect both on weeds and on soilborne pests and diseases; iii) formulated Brassicaceae DSMs could 383 also represent an interesting integration to fertilizers with their extremely balanced nitrogen content.
384
All these aspects, applied within a virtuous biofumigant cropping system, make the use of DSMs in 385 agriculture an interesting innovative proposal. 
Highlights
509
• Formulated Brassica defatted seed meals and glycerin reduce black-grass germination.
510
• Brassicaceae oilseed cakes could represent an alternative to conventional herbicides.
511
• Brassica nigra was the most effective defatted seed meal in germination inhibition.
512
• The glucosinolate-myrosinase system could be effectively applied in weed control. Tables   552   553   Table 1 554
Main glucosinolate (GSL) content of defatted seed meals (DSMs) and the germination inhibition 555 Table 4 572
Interaction between factors and their relevance in black-grass germination and development in the 573 glasshouse trial. 
